After decades of successful measures against point sources of nutrients in industrial countries, we still have severe problems with diffuse pollution. For treatment of excessive nitrogen from agricultural and urban areas, in the form of nitrate (NO 3 ') and ammonium(� + ), wetlands (including dams and buffer zones) are constructed to favour the microbial processes that lead to denitrification of and No 3 ·, via nitrite (NO 2 .) and nitrous oxide (N 2 O), to atmospheric nitrogen (N2). hnportant factors when designing "optimal wetlands" are hydrology, temperature, sufficient carbon source, water residence time, and alternating aerobic/anaerobic conditions. Also biomass uptake and sedimentation of both nitrogen and phosphorus help with reduction of the nutrients. Conditions and possibilities for wetlands in their accumulation of storm water are also described. The importance of biological diversity in wetlands are several: more fragmentation by invertebrates, more plant surface types, more nutrient biomass uptake, more bioturbation by various animals, and more biomass that can accumulate toxicants. The efficiency and biodiversity of wetlands are due to their trait being ecotones between land and water, causing large spatial and temporal variations. Finally the recreational, esthetical and broad pedagogical values of wetlands, as well as the need of better follow-up studies, are emphasised. Keywords: Wetland, freshwater, nutrient, nitrogen, denitrification, phosphorus, metals, ecotone, buffer zone, biodiversity.
INTRODUCTION
Running waters and along these, lakes, dams, wetlands and buffer zones, have always been instrumental for getting rid of pollutants, using the high self-purification capacity, but also "for sending the stuff elsewhere". However, negative effects on fresh and marine water quality and life accelerated throughout the last century. In the rich and developed countries, our relatively good knowledge and technology for treatment of standard point-source pollution have lowered the effluents, but also due to better farming practices. Remaining diffuse pollution of different kinds, combined with the insight of nitrogen as the main primary production regulator in marine areas, have during the last one or two decades directed much interest towards the possibilities to reconstruct wetlands of· various kinds along the watercourses. Nitrogen is the main pollutant to be reduced in such arrangements (Swedish EPA 1997) . Also storm water, containing metals and other contaminants, is more frequently With the decreasing water occurrence, many favourable traits and effects of wetlands (in a broad sense, see below) were lost, being fundamental for their advantageous mechanisms (Fig. 1) . The most important ones are 1) counteracting rapid changes in water flow; 2) allowing biomass growth to more effectively incorporate excess nutrients as phosphorus and nitrogen, but also other (unwanted) compounds; 3) increasing the water retention time, thereby promoting the bacterial activity to reduce nitrate to atmospheric nitrogen; 4) giving more complex habitats, yielding a large variety of plants, invertebrates, fish and birds, thus an increased biodiversity, of both utility and pleasure. Buffer zones are strips alongside running waters in agricultural or forested areas, but not necessarily met by the definitions of wetlands given above. Buffer zones are often only 5-10 meters broad (on each side), only extensively cultivated, and often regarded as important for catching nutrients and pesticides, but also offering habitats for a · substantially increased biodiversity. The latter advantage is especially important in agricultural areas dominated by large monocultures of crops or forestry. Such a fringe of "more natural" vegetation is supposed to give a much more diverse habitat in the buffer zone itself, as well as the water, thus good for plants, invertebrates and fish. This hopefully results in more natural functions in the water than if the fields were all the way to the water (see below). The water run-off is today often led into a ditch, which however would be favoured by being transformed into a more meandering system, and/or with a variety of habitats and water flows (Haycock et al. 1997 ).
NUTRIENT REDUCTIONS As expected, the most important single factor for optimal functions, when constructing wetlands for nutrient reduction, is the hydrological regime, which is basically due to precipitation, inflow, outflow, infiltration and evapotranspiration. The hydrology, by means of its variation, regulates and gives the "unique" plant composition, the primary production rate, accumulation and export of organic matter, nutrient availability and cycling, water velocity, depth and residence time (Mitsch and Gosselink 1993, Kadlec and Knight 1996). The water coverage dynamics determine the redox potential, i.e. whether the conditions in/on the substrate are anaerobic or not, a crucial factor for all plants and animals that are potential components of a functioning ecotone. Furthermore, the redox conditions are of utmost importance for the bacterial activities, very much ruling the effectiveness of the capacity of wetlands to reduce nitrogen, in an optimal sequence, at different depths and in various areas of a wetland, but also for transformations of carbon and sulphur. Furthermore, it is interesting to note that the presence and activities of animals and plants can very much affect the redox conditions in the sediments (Thoren 1999a ).
Due to leakage of nitrate and other ions, for the farmer to get a profitable yield, nitrogen in some form has to be added to the soils. This gives a source of excessive nitrogen, which together with combustion of petroleum products result in diffuse pollution of nitrogen, mainly nitrate and ammonium NRi + ions, but also in organic molecules, all causing eutrophication in fresh and marine waters. Anthropogenically added water soluble nitrogen, often nitrate, is mainly due to artificial fertilisers and combustion. As this originate in atmospheric nitrogen, which is almost 80% of the air, it seems fair to revert the nitrogen to the air. Wetlands can act in this way, as the microbial activities can use (need) nitrate as electron acceptor when they degrade organic matter, and as a side product they produce the atmospheric nitrogen (N2)! However, as the nitrogen cycle is complicated and several requirements have to be optimised, the outcome is not easy to predict and control.
Urea (NH 2 hCO is a nitrogen-rich compound, which is sometimes used as de-icing agent on airport runways, but does seldom naturally occur in higher concentrations. Bacterial hydrolysis transforms urea to ammonium and nitrate, processes that are poorly understood in wetlands, with respect to importance, rates, and regulating factors, but with an urgent need to study scientifically (Thoren 1999b ).
Basically, three processes can reduce nitrogen in wetlands, viz. sedimentation, biomass uptake and denitrification (Fig. 1) . However, the first two are only temporary sinks, as most sediment and biomass are eventually decomposed (or redistributed), and then nitrogen reappears as nitrate, maybe via ammonium. This therefore means that sediment or plant biomass has to be removed to achieve a permanent nitrogen reduction in the ecosystem.
Denitrification is in fact a series of bacteria-mediated processes, that transforms nitrate, via nitrite and nitrous oxide, to atmospheric nitrogen, unavailable for most plants, and harmless to the water habitats. As implied, denitrification is the main and most efficient process for permanent nitrogen reduction in most wetland situations. To reach the desirable end-point of atmospheric nitrogen, increasingly anaerobic conditions must prevail. In total, the following factors and circumstances are important in order to optimise the processes (Thoren 1999a): -A carbon source, in the form of easily degradable organic matter.
-Nitrogen in the form of nitrate (aeration can convert ammonium into nitrate). -Temporal and/or spatial variation between aerobic and anaerobic conditions. -A pH range of 6-8.
Water residence time (3-5 days is reco=ended). -A temperature preferentially somewhat above zero.
Also phosphorus is essential for all living organisms, and does easily result in increased primary production, eventually giving oxygen deficits and ecosystem disturbances. As no gaseous phosphorus exist, only incorporation into organism biomass and sediment can reduce water concentrations, incl. adsorption to metals, and clay and • humic particles. Thus, at assimilation or decomposition phosphorus will eventually be activated again, and will remain within the aquatic system. However, harvesting the plants and using them elsewhere (e.g. as · · green fertiliser) would counteract this.
TREATING STORM WATER
Storm water is a somewhat vague term for most water flowing in urban areas, often from non permeable surfaces, giving various mixtures of anthropogenic pollutants. Therefore the content of storm waters can vary, but are here described from "the road perspective", as several wetland arrangements have been made in such connections (Thoren 1998 ). Water runoff from roads contain a lot of different pollutants like · suspended particles, oxygen demanding organic matter, nutrients, various hydrocarbons, heavy metals and micro organisms. The amounts of such compounds in the storm water vary substantially, often related to the weather situation, but only suspended particles, heavy metals and organic compounds are directly related to the traffic intensity. The toxicity and movements of these pollutants that reach the soil depend mainly on their solubility and mobility. Having reached the soil/sediment in the artificial wetlands, ponds and infiltration areas, these can act as "pre recipient waters", where the fate of the specific pollutants -is affected by several circumstances. Important examples are conditions as pH, redox status, water level, soil structure, organic content, various inorganic compounds, and processes as dilution, sedimentation, adsorption, chemical transformation/degradation and uptake and bioturbation by organisms (Fig. 1) .
The philosophy behind the use of wetlands for inhibiting the potential effects of storm water can cenainly be discussed. After some time, depending on the factors above, the wetland might approach its "saturation" of the toxicants. Then comes the choice: Is it self-evidently wise to concentrate the harmful substances, so that we hopefully "know where they are" (but still at a risk)? Should we then transport them, with the total organism set-up, elsewhere, where toxicants can not be emitted? A problem might also be that we have no ideas how dangerous it is for the water ecosystems to "move the wetland" when the saturation of toxicants has become very high.
BIODIVERSITY
Today politicians, administrators, journalists and other "powerful trend-setters" want to show environmental responsibility by advocating for an increased biodiversity ( = variation of biological organisms, often equivalent to number of species). Certainly, this is positive and promising for the progress towards a more sustainable and envitonmentally sound society. Without going too deep into the subject, it can be concluded that the biodiversity interest is of value not only for amateur naturalists, conservationists and scientists in ecology. Moreover, a fundamental statement is the awareness that the biodiversity also seems to be of importance for the functions of ecosystems (Herrmann 1999 ). Many of these functions give us important "ecological services", crucial for our society, and which we really need to care for, to be able to use them in a sustainable manner.
Thus, increased biodiversity is suggested to give several advantages for the functioning of the wetlands (Fig. 1 ): A more complete and diverse shredding invertebrate community (those insects and crustaceans that fragment the organic matter), will be more efficient. This would facilitate the next step of decomposition, i.e. the bacteria, thus the most important actors in the denitrification process.
A complex plant community can be expected to give various surfaces and conditions, promoting a more effective biofilm on the plants, involved in the denitrification.
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-The plant biomass gives the needed carbon source for the denitrification, and with a complex composition might follow better conditions for this process.
A diverse community of fish, invertebrates, and birds increases the bioturbation rate, i.e. the "digging" in the bottom, which will increase the surface renewal and cycling of nutrients, but will also enhance the development of complex and changing aerobic/anaerobic bottoms, thus enhancing the denitrification process. -When treating storm water in wetlands, a more luxuriant vegetation will be able to accumulate more of metals and other pollutants, which can also be a problem (see above).
Particularly, it should be emphasised that all kinds of wetlands are examples of the concept "ecotone", with its advantages (see above). Ecotones result not only in larger varieties of different habitats and organisms, more efficient processes, and perhaps enhanced stability, but also supply us with beloved areas for recreation and esthetical experiences.
CONCLUDING REMARKS
Probably hundreds of wetlands, darns and bufferzones have been constructed in Sweden during the last decade. However, the effects, with respect to reduction of mainly nutrients, especially nitrogen, are seldom evaluated at all, or not in a correct way. Leonardson (1994) gives an average value of 500 kg N/ha and year, a level however not seldom exceeded, as for the up to ten times higher figures, compiled by Thoren (1999a Today, we all, but perhaps especially municipalities and other authorities, have the responsibility to promote activities in order to implement and apply the messages of Agenda 2 1 from the Rio Conference, one important issue being to involve all citizens in the new thinking towards a better environmental awareness and acting. Then we should realise that wetlands, and all kinds of fresh water bodies, are in fact very useful and appropriate as a pedagogical tool and potential in this ambition and responsibility. This is very clear also when applied to a whole catchment area concept, from which we can get interesting connections to all the ways that our society influences the environmental conditions, and including also economy, history and psychology. This is also congruent with the .recent demands from the EU to administrate our surface waters in watershed units, as opposed to our old legislative patterns.
Nevertheless, the wetlands remain, and are as important as in earlier times, so they have to be developed, restored, and more numerous, for the purpose of increased water quality and biodiversity, good for "body and soul" of us all.
